In this study, food samples were intentionally contaminated with Escherichia coli O157:H7, and then DNA was isolated by using four commercial kits. The isolated DNA samples were compared by using real-time PCR detection of the Shiga toxin genes. The four kits tested worked similarly.
Enteric pathogens are classic potential agents of bioterrorism. For example, Salmonella enterica serovar Typhimurium was used to contaminate salad bars in an attempt to affect the outcome of a local election (7) . In another instance, Shigella dysenteriae type 2 obtained from a laboratory was used by a medical technologist as an agent to sicken coworkers (3) . Foods that are uncooked or undercooked after manufacture make feasible targets for intentional contamination. Conventional microbiological techniques for the detection of bacterial pathogens in food, including isolation on selective media and biochemical identification of the bacteria, are time-consuming and laborious. More-rapid alternatives, including the detection of pathogen DNA by real-time PCR, are available (1, 8) . In this study, four commercial kits for isolation of DNA from food samples were compared by real-time PCR detection.
Bread slices, ground beef, commercially bagged salad greens, and salad dressing were purchased at local grocery stores. To confirm that none of these products already contained Shiga toxin-producing Escherichia coli, each product was tested for total coliform bacteria by using the Food and Drug Administration Bacteriological Analytic Manual Online (www.cfsan.fda .gov/ϳebam/bam-toc.html) protocol. All enriched gram-negative bacilli were identified by classical microbiological techniques (5). Biochemical differentiations were made with the API 20E identification system for Enterobacteriaceae and other gram-negative rods (bioMerieux Vitek, Inc., Hazelwood, Mo.) with supplemental conventional biochemical tests as required. While both bread and salad dressing samples were negative for all coliforms, a variety of gram-negative organisms were isolated from the ground beef and salad greens after enrichment ( Table 1) . The E. coli strains isolated from the ground beef samples were tested per the manufacturer's instructions and were not identified as O157 or O157:H7 (SAS E. coli O157:H7 and E. coli O157 test; SA Scientific, San Antonio, Tex.).
Ten grams of each food product was spiked with E. coli O157:H7 (ATCC 700927) cells from Trypticase soy broth (TSB) and incubated for 16 h at 35°C. Assuming 100% efficiency in DNA isolation, an approximate amount of 1,000 CFU was included in each final PCR. Samples were diluted 1:10 (wt/vol) with TSB and homogenized for 1 min. One milliliter of homogenate was removed, and the DNA was isolated with four commercial kits ( Table 2) . Prepman Ultra (Applied Biosystems, Foster City, Calif.) and Bugs'n Beads (GenPoint, Oslo, Norway) were designed to extract the DNA from a wide variety of gram-positive and gram-negative bacteria in foods. The NucleoSpin food kit (Clontech, Palo Alto, Calif.) and the Wizard magnetic DNA purification system for food (Promega Madison, Wis.) were designed for detection of genetically modified organisms but were tested here for the additional isolation of bacterial genomic DNA. After DNA isolation per each manufacturer's instructions, sterile molecular-grade water was added to each DNA sample as necessary to achieve a final volume of 200 l. Since in all kits except Bugs'n Beads the isolated DNA may contain food as well as bacterial genomic DNA, it was not possible to directly quantify the DNA yield. To determine which DNA isolation method most effectively produced PCR-quality DNA, the DNA was subjected to TaqMan PCR using the primers and probes targeting the stx 1 and (Table 3) . Each 50-l reaction mixture contained 1ϫ TaqMan master mix, 45 pmol of each primer, 12.5 pmol of probe, and 5 l of DNA. Thermal cycling and detection were performed by employing an ABI Prism 7700 sequence detection system using the associated version 1.7a application software as described by the manufacturer and by employing default parameters. To compare detection limits between the different kit brands, the threshold cycle (C ) value for each sample was divided by the log of the CFU used to spike the sample (Table 4) . If a reaction reached cycle 40 without a significant increase in fluorescence, this reaction contained no DNA and was considered to be negative. For both primer sets, the C /log CFU values were grouped by food type. These values were found to be normal by using the Shapiro-Wilk test, and no significant effect due to the experiments being done on different days was found by a oneway analysis of variance. To test for differences between the four kits, a one-way analysis of variance was used, followed by a posteriori comparisons. In addition, to ensure that the experiment-wise error rate did not exceed 5%, we conducted the sequential Bonferroni procedure in which the alpha level is divided by the number of tests (in this case, five) and the resulting value is used to determine significance (6) . Statistical analysis was conducted using the SAS system for Windows version 8.0 (SAS Institute, Cary, N.C.). Overall significant differences were found with the results for both primer and probe sets for ground beef and salad greens, but only those for ground beef had significant contrasts. For both the primer and probe sets, the only two kits whose results were significantly different from each other were Bugs'n Beads and the Wizard magnetic DNA purification system for food. In this case, Bugs'n Beads was less sensitive.
Since Prepman Ultra was the easiest method to perform and its results did not differ significantly from the results of the other kits, this isolation method was further characterized (Fig.  1 ). Foods were intentionally contaminated with 10-fold dilutions of E. coli O157:H7. Since cell viability does not affect detection of DNA by PCR (2, 4) , in this experiment stocks frozen at Ϫ80°C in TSB containing 15% glycerol were used. DNA was extracted as described above, PCR was performed, and a linear regression of C values on log CFU per PCR was used in order to determine the detection limit. Although the TSB control had significantly lower C values at the same number of CFU, no significant difference was observed between the detection limits for the foods and the TSB control (Fig. 1 ). The overall mean detection limit, with a 5-l aliquot of the 200 l of DNA isolated, was 13.35 CFU/PCR, which corresponded to 5,340 CFU per g of food. This value represents the practical detection limit of this method, although this limit would be theoretically lower if the entire DNA solution was used, for example, by concentrating the DNA before PCR. The development of alternative assays for detection of pathogenic organisms commonly associated with food-borne diseases will allow early detection of food-related bioterrorism events and will also strengthen surveillance to provide timely detection of natural epidemics. Each kit tested efficiently isolated DNA from the four tested foods. Based simply on ease of use, the Prepman Ultra method was preferred.
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